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Adaptive responseAbstract Basella alba is a soft green vegetable, survives in adverse environmental circumstances,
for example, very cold temperature although the mechanism and the temperature sensitivity in this
species are not clariﬁed. Pot experiment for cultivation of B. alba was carried out to examine the
effects of low temperature on the synthesis of two enzymes, polyphenol oxidase (PPO) and perox-
idase (POD) in leaf of this plant. They were exposed to 8 C for 24 h, 48 h and 72 h periods and the
respective controls were kept in ambient room temperature for the above mentioned time. Low tem-
perature causes the higher activity of PPO and the threshold level was found after 48 h period when
compared to the respective controls. The activity was higher at 10 mM catechol, substrate for this
enzyme, than 100 mM and 200 mM concentration, however, the three doses yielded the gradual
increase in activity. Similar stimulatory effects on peroxidase (POD) activity in leaf were observed
whenever the plants were exposed to cold for 24 h, 48 h and 72 h periods and maximal after 48 h
period. Our ﬁndings demonstrate that the higher activity of these enzymes in leaf might be an index
for the regulatory mechanism of the survival of these species in such adverse environment.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Basic stresses such as drought, salinity, temperature and chem-
ical pollutants are simultaneously acting on the plants causing
cell injury and producing secondary stresses such as osmotic
and oxidative ones (Wang et al., 2003; Abu-Khadejeh et al.,
2012). Plants could not change their sites to avoid such stresses
but have different ways and morphological adaptations to tol-
erate these stresses. Environmental stress can disrupt cellular
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Drought, salinity and low temperature stress impose an osmo-
tic stress that can lead to turgor loss. Membranes may become
disorganized, proteins may undergo loss of activity or be dena-
tured and often excess levels of reactive oxygen species (ROS)
are produced leading to oxidative damage. Recent investiga-
tions reveal that chilling induced injury is associated with the
formation of reactive oxygen species (ROS) such as superoxide
ðO2 Þ, hydrogen peroxide (H2O2), hydroxyl radical (OH) and
singlet oxygen (1O2) (Basra, 2001; Lee and Lee, 2000). To pre-
vent the oxidative damage caused by such abiotic stress, plants
generate the different mechanism by which they survive in such
critical environment. Anti oxidative enzymes like superoxide
dismutase (SOD), catalase (CAT) and peroxidase (PRX) are
the most important components in the scavenging system of
ROS. Several lines of evidences reveal that anti oxidative
enzymes and anti oxidant molecules can neutralize ROS
(Oidaira et al., 2000; Lee and Lee, 2000). Polyphenol oxidase
(PPO) and peroxidase (POD) have been widely recognized to
be an anti oxidative causing the biosynthesis of diverse metab-
olites essential for diagnosis and other purposes and have been
found to be involved in the scavenging system of reactive oxy-
gen species synthesized in the biological system. Polyphenol
oxidases are enzymes with molecular weight of 60 kDa located
in the chloroplast bound to thylakoid membranes, belonging
to a group of copper containing metalloproteins and are mem-
bers of oxido-reductases that catalyze the oxidation of a wide
range of phenolic compounds by utilizing molecular oxygen
(Queiroz et al., 2008). In the presence of atmospheric oxygen
and PPO, monophenol is hydroxylated to o-diphenol and
diphenol can be oxidized to o-quinones which then undergo
polymerization to yield dark brown polymers (Chisari et al.,
2007). Peroxidases are a single-polypeptide chain, heme con-
taining enzymes with molecular weight between 28 and
60 kDa and have been involved to oxidize a wide variety of
organic and inorganic substrates by reducing H2O2 and perox-
ides. They are mainly located in the cell wall (Chen et al., 2002)
and are one of the key enzymes controlling plant growth and
development. During the cold environment, these two enzymes
might be involved in the prevention of oxidative damage in
plant and therefore could be an essential index for the adaptive
mechanism in adverse circumstances.
Basella alba (Pui) is a very soft leafy common vegetable
available in Bangladesh and grows both in summer and winter
and therefore, both seasons were believed to be involved in
regulating metabolic alterations in this species of vegetable.
The diverse clinical importance of this plant was demonstrated
by recent investigations (Roshan et al., 2012; Premalatha and
Rajgopal, 2005). In response to low temperature, these species
of plant have been found to survive in the atmosphere
although the physiological mechanism of survival is not clari-
ﬁed. It has been revealed that temperature variation is a com-
mon environmental phenomenon causing diverse metabolic
alterations in plants and other organisms (Janska et al.,
2010). Changes in environmental temperature affect the plant
kingdom either by suppression of their total growth and devel-
opment or by augmenting diverse physiological, metabolic and
superﬁcial changes. Moreover, low temperature has been rec-
ognized to be a major stimulatory effector involved in meta-
bolic regulation and has been shown to cause the synthesis
of ROS in plants (Mahajan and Tuteja, 2005). Therefore, it
is assumed that variation of temperature may affect bothmetabolic activities as well as its biological importance of this
species of plant. The aim of this study is to examine the inter-
relationship between anti oxidative status and preventive
mechanism against temperature stress causing cell injury and
physiological alterations in this vegetable and both PPO and
POD might be involved in playing the critical role in this
respect. Therefore, the current investigation has been under-
taken to ﬁnd the role of cold acclimation on the regulation
of metabolic functions regarding the alteration and synthesis
of PPO and POD in leaf of B. alba and may assist in the clar-
iﬁcation of such stress induced mechanisms.
2. Materials and methods
2.1. Plant materials and low temperature treatment
For this experiment, two plastic pots were used; each pot
size was 70 cm in diameter and 24 cm in height. An ade-
quate amount of soil was taken in each plastic pot and
the plastic pots were seeded with B. alba. For the germina-
tion of seeds, the following points were carried out: (i) the
strong seeds were selected; the seeds were added to normal
water and the ﬂoating seeds were discarded; (ii) the seeds
were kept in normal water with temperature below 37 C
overnight; (iii) the seeds which were swollen by water
absorption, were expected to be effective for germination;
(iv) the seeds were seeded in the pots prepared with soil
and the efﬁciency of seed germination was 65–75%. After
30 days of germination, the two different pots were
described as control and low temperature induced plants.
Control pot was used for 24 h, 48 h and 72 h treatments
in the room temperature without cold acclimation. The sec-
ond pot was used for 24 h, 48 h and 72 h duration in the
temperature controlled cooling chamber and given cold
exposure (8 C) with full aeration. After the treatments,
leaves were collected consecutively from each pot for 24 h,
48 h and 72 h duration and kept in 80 C.
2.2. Assay of polyphenol oxidase (PPO) activity
The leaves of the different treatments (24 h, 48 h and 72 h)
and their respective controls were homogenized with 22 mL
of distilled water in a mortar kept on ice. Approximately,
1.5 g of low temperature induced and their respective control
leaves were used for homogenization. The homogenates were
centrifuged at 9000 rpm for 15 min and the supernatants
were used as crude extract for assay of PPO activity spectro-
photometrically as described by Mahadevan and Sridhar
(1982) based on an initial rate of increase in absorbance
at 495 nm where, catechol was used as substrate. One unit
of enzyme activity is deﬁned as a change in absorbance of
0.001 min1 mL1 of enzyme extract. For determination of
PPO activity in leaf, 3 mL of 0.1 M phosphate buffer (pH
6.0) and 2 mL of crude enzyme extract were taken in the test
tube and kept on ice. The contents were mixed, placed in a
spectrophotometer using a cuvette and the absorbance was
adjusted to zero at 495 nm. The cuvette was removed,
1 mL of catechol (10 mM, 100 mM and 200 mM) was added,
quickly mixed by inversion and the changes in absorbance at
495 nm were recorded for up to 3 min (1, 2, 3 min). In all
experiments, three replicates were performed for each sam-
Table 1 Effect of low temperature on the regulation of PPO
activity in leaf of Pui vegetable. The plants were exposed to
8 C for 24 h, 48 h and 72 h in the cold chamber. After the
treatments, the plants were immediately removed from the
chamber and sampling of leaf was performed. For assay of
PPO activity, 10 mM concentration of catechol was used as a
substrate of the enzyme. Control plants were similarly used
except giving low temperature exposure.
Treatments Polyphenol oxidase (PPO)
activity (Unit g1 of leaf)
Control 251.68 ± 75.97
24 h 395.42 ± 57.77A
Control 1198.71 ± 187.98
48 h 2122.33 ± 205.70B
Control 2615.21 ± 281.47
72 h 3168.25 ± 180.81A
The results are means of ± SE for three values in each group.
A p< 0.05 versus respective control.
B p< 0.01 versus respective control.
368 Md. Shahidul Haque et al.ple. The following calculation was used to assay PPO activ-
ity in a sample: change in A495 = Af  Ai, where, Ai = ini-
tial absorbance reading and Af = ﬁnal absorbance reading.
Change in A495 for each sample was used to calculate the
units of PPO activity and the activity is expressed as Unit
g1 of leaf weight.
2.3. Assay of peroxidase (POD) activity
The leaves of the different treatments (24 h, 48 h and 72 h) and
their respective controls were homogenized with 15 mL of
0.5 M phosphate buffer (pH 7.0) in a mortar kept on ice.
Approximately, 1.5 g of low temperature induced and their
respective control leaves were used for homogenization. The
homogenates were centrifuged at 9000 rpm for 15 min and
the supernatants were used as crude extract for assay of
POD activity as described by Daz et al. (2001). Peroxidase
activity was determined spectrophotometrically at 470 nm
using guaiacol as a phenolic substrate with hydrogen peroxide.
The enzymatic oxidation of guaiacol changed the substrate
into orange–pink product which was measured by spectropho-
tometer as a change in absorbance of 0.001 min1 and the
absorbance was recorded for up to 4 min. For determination
of POD activity in leaf, 2.5 mL of 0.1 M phosphate buffer
(pH 7.0), 2 mL of crude enzyme extract and 0.6 mL of 1%
(v/v) H2O2 were taken in a test tube and kept on ice. The spec-
trophotometer was adjusted to zero initially and the content of
test tube was transferred into a cuvette and the absorbance was
taken as initial reading. 0.6 mL of 4% (v/v) guaiacol was
added to the cuvette, quickly mixed by inversion and the
change in absorbance at 470 nm was measured for 1, 2, 3
and 4 min. In all experiments, three replicates were performed
for each sample. The following calculation was used to assay
peroxidase activity in a sample: change in A470 = Af  Ai,
where, Ai = initial absorbance reading and Af = ﬁnal absor-
bance reading. Change in A470 for each sample was used to cal-
culate the units of POD activity and the activity was expressed
as Unit g1 of leaf weight.
2.4. Statistical analysis
Results of the experiments were expressed as mean and stan-
dard error of different groups based on three independent
determinations. The differences between the mean values were
evaluated by ANOVA followed by paired t-test using SPSS
software.3. Results
3.1. Effect of 10 mM substrate concentration on PPO activity in
leaf induced by low temperature
To properly identify physiological responses to environmental
stress such as low temperature, plants were exposed to 8 C in
the temperature controlled cooling chamber for 24 h, 48 h and
72 h periods and the respective controls were kept in ambient
room temperature. Polyphenol oxidase activities in leaf
exposed to the cold temperature for the above mentioned peri-
ods were examined at 10 mM catechol, substrate for the
enzyme. As shown in Table 1, the average PPO activity in leafof vegetable in response to low temperature for 24 h period
was 395.42 ± 57.77 Unit g1 of leaf whereas for control leaf
kept in ambient temperature, the PPO activity was
251.68 ± 75.97 Unit. A signiﬁcant 57.11% (p< 0.05)
increased PPO activity was observed after 24 h when compared
to the control plant (Fig. 1A). The results appeared to indicate
that the PPO activities were affected by cold acclimation.
Therefore, it is reasonable that an adaptive response by the
species of plant was created and the higher synthesis of PPO
was observed to serve as the factor in adverse environmental
situation and might be sensitive to the temperature variation.
Leaves of B. alba were exposed to low temperature for 48 h
period and the average PPO activity was 2122.33 ± 205.70
Unit while for the respective control plant, the enzyme activity
was 1198.71 ± 187.98 Unit g1 of leaf. The results indicated
that 77.05% (p< 0.01) increased PPO had been found after
48 h in response to low temperature compared to the control
plant as illustrated in Fig. 1A. The increased synthesis of
PPO in leaf in response to low temperature might be involved
in the regulation of metabolic functions of this species of
plant. The alteration of PPO level in leaf is an index for
characterization of the sensitivity to the environmental temper-
ature. To ﬁnd the optimum effect of cold acclimation on PPO
level in leaf, the extended time was 72 h. As shown in Table 1,
the low temperature induced leaf had PPO level
3168.25 ± 180.81 Unit while for the respective control leaf,
the average PPO level was 2615.21 ± 281.47 Unit g1 of leaf.
The results showed that the PPO level in leaf had been
enhanced signiﬁcantly (p< 0.05) by 21.14% when the plants
were exposed to cold temperature for 72 h when compared
to control (Fig. 1A). The results appeared to indicate that
the PPO levels were severely affected by cold acclimation for
prolonged exposure, however, seems to be lower than 48 h
period, therefore reasonably assumed to be optimally
enhanced after 48 h of low temperature exposure. The results
suggest that the increased PPO induced by low temperature
might be caused by such abiotic stress and could be considered
as the survival factor for this species of plant in critical
environment.
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Figure 1 Alteration of PPO activity in response to 10 mM (A), 100 mM (B) and 200 mM (C) catechol in leaves of Basella alba during
cold acclimation. The plants were exposed to 8 C for 24 h, 48 h and 72 h in cold chamber, however, the respective controls were used
without any cold acclimation. After the treatments, the leaves of plants and their respective controls were used for the assay of PPO
activity. The results are expressed as percentage of the respective controls.
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in leaf induced by low temperature
The activity of PPO is related to the concentration of substrate
and therefore, to get the maximal response of enzyme, 100 mM
of catechol was used. As shown in Table 2, the PPO activity in
response to 100 mM catechol in leaf of B. alba was recorded toTable 2 Effect of low temperature on the regulation of PPO
activity in leaf of Pui vegetable. The plants were exposed to
8 C for 24 h, 48 h and 72 h in the cold chamber. After the
treatments, the plants were immediately removed from the
chamber and sampling of leaf was performed. For assay of
PPO activity, 100 mM concentration of catechol was used as a
substrate of the enzyme. Control plants were similarly used
except giving low temperature exposure.
Treatments Polyphenol oxidase (PPO) activity (Unit g1 of leaf)
Control 2837.02 ± 123.85
24 h 3377.29 ± 107.54A
Control 1465.54 ± 95.57
48 h 2199.33 ± 80.62A
Control 3238.99 ± 59.99
72 h 3603.65 ± 115.46B
The results are means of ± SE for three values in each group.
A p< 0.01 versus respective control.
B p< 0.05 versus respective control.determine the effect of low temperature on the regulation of
this enzyme activity. After 24 h of treatment, the leaf enzyme
level was calculated as 2837.02 ± 123.85 Unit for control
and for low temperature induced plant, the value was
3377.29 ± 107.54 Unit g1 of leaf. Low temperature causes a
signiﬁcant (p< 0.01) increase (19.04%) in PPO level when
compared to the respective control, however, the response
was found to be lower than 10 mM substrate concentration
for the respective period of exposure (Fig. 1A and B). The
increase in PPO activity determines the higher anti oxidative
status for the prevention of chilling induced physiological
stress of the plant. It is important to note that higher the oxi-
dative stress, higher the synthesis of the enzyme thereby the
plants survive in the adverse environment. To ﬁnd the maximal
response, plants were exposed to cold for 48 h period and the
enzyme activity in leaf was 2199.33 ± 80.62 Unit, while for the
respective control plant for the above mentioned time, the
activity was recorded as 1465.54 ± 95.57 Unit g1 of leaf.
The results indicated that PPO activity in leaf had been
increased by 50.06% signiﬁcantly (p< 0.01) when compared
to control; however, the activity was higher than that of 24 h
period. Compared to 10 mm substrate concentration for the
similar time, the PPO activity had been demonstrated to be
lower (Fig. 1A and B). The increased activity in response to
low temperature determines the higher conversion of phenolic
compounds to the desirable products as this enzyme has higher
speciﬁcity for the oxidation of phenolic compounds. Higher
activity of PPO is an essential parameter for producing the
colored pigment substantial for industrial and other purposes.
370 Md. Shahidul Haque et al.Although the higher activity of PPO in response to the
increased concentration of substrate was observed, the per-
centage of increase in activity in response to low temperature
was found to be lower (Tables 1 and 2 and Fig. 1A and B).
In response to low temperature for 72 h, the PPO activity in
leaf was 3603.65 ± 115.46 Unit while the respective control
leaf had 3238.99 ± 59.99 Unit enzyme activity for the above
mentioned time. The results (shown in Table 2 and Fig. 1B)
demonstrated that prolonged exposure of cold temperature
had been involved in the synthesis of enzyme in leaf of this spe-
cies of plant and the activity was increased by 11.25% signiﬁ-
cantly (p< 0.05) when compared to the respective control,
however the efﬁciency of cold temperature on synthesis of
enzyme was found to be lower than that of 24 h or 48 h period
(Fig. 1B).
3.3. Effect of 200 mM substrate concentration on PPO activity
in leaf induced by low temperature
To ﬁnd the physiological role of low temperature on PPO
activity in leaf of B. alba, we further determined PPO activity
after 24 h, 48 h and 72 h periods of cold exposure in response
to the higher dose of substrate. Table 3 shows the effect of cold
temperature on PPO activity after 24 h of treatment. Plants
exposed to low temperature had PPO level 5273.96 ± 240.33
Unit where as for control, the PPO activity
4490.94 ± 294.41 Unit g1 of leaf was observed. The results
indicated that the enzyme activity of Basella leaf had been
increased by 17.43% signiﬁcantly (p < 0.1) for low tempera-
ture treatment when compared to the respective control. Accli-
mation to cold similarly causes the enhanced PPO synthesis in
prolonged time (48 h) and the plants may survive in such crit-
ical environment either by synthesis of PPO in their tissues or
by other phenomenon. Fig. 1C also shows that the PPO level
was increased signiﬁcantly (p < 0.05) by 20.96% when they
were exposed to 8 C compared to the respective control where
the values were 4232.43 ± 111.46 Unit and 5119.86 ± 146.11
Unit g1 of leaf respectively for control and cold acclimation.
After 72 h of treatment, low temperature causes the synthesis
of PPO enzyme and the activity was 5548.87 ± 181.12 Unit
while for the control leaf the value was recorded to beTable 3 Effect of low temperature on the regulation of PPO
activity in leaf of Pui vegetable. The plants were exposed to
8 C for 24 h, 48 h and 72 h in the cold chamber. After the
treatments, the plants were immediately removed from the
chamber and sampling of leaf was performed. For assay of
PPO activity, 200 mM concentration of catechol was used as a
substrate of the enzyme. Control plants were similarly used
except giving low temperature exposure.
Treatments Polyphenol oxidase (PPO) activity (Unit g1 of leaf)
Control 4490.94 ± 294.41
24 h 5273.96 ± 240.33A
Control 4232.43 ± 111.46
48 h 5119.86 ± 146.11B
Control 4433.96 ± 56.60
72 h 5548.87 ± 181.12B
The results are means of ± SE for three values in each group.
A p < 0.1 versus respective control.
B p< 0.05 versus respective control.4433.96 ± 56.60 Unit g1 of leaf showing the higher synthesis
of enzyme after 72 h period and enhanced signiﬁcantly
(p< 0.05) by 25.14% when compared to the respective control
however the activity was not declined after 72 h of exposure
rather increased than the 24 h or 48 h of exposure of low tem-
perature. The results are also illustrated in Fig. 1C when
expressed as percentage of control. Although the higher PPO
level in leaf in response to higher dose of substrate was demon-
strated during the experiment (Tables 1–3), the efﬁciency of
low temperature on enhancing increased activity of PPO was
assumed to be optimal and higher at 10 mM substrate concen-
tration for 48 h of exposure. Therefore, the faster increase in
enzyme activity in leaf in response to cold acclimation might
be dependent on the substrate concentration as well as the per-
iod of exposure and might be involved in regulation of metab-
olism of phenolic substrates by which the plants survive in
such a critical environment and gives a new insight for the pre-
vention of the oxidative stress and might be involved to give a
signal to the physiological level.
3.4. Time course effect of low temperature on POD activity
in leaf of B. alba
Anti oxidative enzymes involved in scavenging system of reac-
tive oxygen species (ROS) include peroxidase. They are a fam-
ily of isoenzymes found in almost all plants; they are heme-
containing monomeric glycoproteins that utilize either H2O2
or O2 to oxidize a wide variety of molecules. Peroxidase is
an oxidoreductase that is directly involved in many plant func-
tions such as hormone regulation, defense mechanisms, indol-
acetic degradation and lignin biosynthesis. Therefore, during
cold acclimation, peroxidase might be involved in enzymatic
defense of plant cells. To examine the role of low temperature
on the regulation of POD activity in leaf of B. alba, plants in
the pot were exposed to 8 C in temperature controlled cham-
ber for 24 h period and the respective control was kept in
ambient room temperature. The average POD activity in
response to low temperature was 3324.18 ± 185.05 Unit g1
of leaf whereas for control leaves, the POD activity was
2144.82 ± 51.93 Unit. The results demonstrated that POD
activity in leaf had been signiﬁcantly enhanced and stimulated
(54.98%, p< 0.05) by low temperature compared to theTable 4 Changes of POD activity in leaf of Pui vegetable
exposed to low temperature. The plants were exposed to 8 C
for 24 h, 48 h and 72 h in the cold chamber. After the
treatments, the plants were immediately removed and sampling
of leaf was performed. Control plants were similarly used
except giving low temperature exposure.
Treatments Peroxidase (POD) activity (Unit g1 of leaf)
Control 2144.82 ± 51.93
24 h 3324.18 ± 185.05A
Control 2942.72 ± 68.01
48 h 4961.71 ± 4.68B
Control 2979.76 ± 118.22
72 h 4530.46 ± 211.92B
The results are means of ± SE for three values in each group.
A p< 0.05 versus respective control.
B p< 0.01 versus respective control.
A regulatory approach to examine the effect of low temperature in leaf of Pui vegetable 371respective control (shown in Table 4 and Fig. 2). The increase
in activity in response to low temperature might be the regula-
tory mechanism of enhancing the synthesis of compounds
responsible for browning color since the enzyme has higher
speciﬁcity for the phenolic substrate guaiacol. The higher the
activity of this enzyme, higher the conversion of the phenolic
substrate to colored o-quinones.
As shown in Table 4, the POD activity in leaves of plant
was recorded to determine the effect of low temperature on
POD synthesis for prolonged exposure. After 48 h of treat-
ment, the leaf POD level was estimated as 2942.72 ± 68.01
Unit for control and for low temperature induced plant, the
value was 4961.71 ± 4.68 Unit g1 of leaf. Low temperature
causes a signiﬁcant and more pronounced increase in POD
activity in leaf by 68.60% (p< 0.01) (Fig. 2) when compared
to the respective control. The increase of POD activity in leaf
was found to be higher than the previous 24 h of exposure as
demonstrated in Fig. 2. Therefore, the activity of this enzyme
in leaf is assumed to be regulated by the variation of tempera-
ture and be strictly followed by the extension of time.
Table 4 also shows the effect of low temperature on POD
activity in leaf of plant after 72 h of exposure. Plants accli-
mated to low temperature had leaf POD level
4530.46 ± 211.92 Unit, whereas 2979.76 ± 118.22 Unit g1
of leaf for control plant was observed during the experiment.
As the time extended, the average POD activity in leaf had
been enhanced in response to 8 C and was increased both
for control and low temperature induced plants. Low temper-
ature for prolonged exposure causes increased synthesis of
POD signiﬁcantly (p< 0.01) by 52.04% compared to the con-
trol (Fig. 2), however, the effect was lower than the previous
24 h or 48 h of exposure. Although the optimum activity of
POD in leaf was observed after 48 h of exposure in response
to low temperature, the gradual increase in activity for both
the control and cold acclimated plants was noted as the time
extended. Therefore, the synthesis of POD in leaf was found
to be augmented in response to low temperature time depen-
dently. The results suggest that the increased POD activity in0
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Figure 2 Alteration of POD activity in leaves of Basella alba
during cold acclimation. The plants were exposed to 8 C for 24 h,
48 h and 72 h in cold chamber, however, the respective controls
were used without any cold acclimation. After the treatments, the
leaves of plants and their respective controls were used for
determination of POD activity. The results are expressed as
percentage of the respective controls.leaf might be due to the higher sensitivity of temperature
and caused by temperature stress in the environment where
they survive and could be considered as the survival factor
as well as index for characterization of physiology of leaf of
this species of plant.4. Discussion
To understand the mechanism of plant species responses to
low temperature regarding the physiological and adaptive
responses, assay of PPO and POD activity in leaf of B. alba
was performed. In this respect, plants were grown in pot and
exposed to 8 C for 24 h, 48 h and 72 h periods. In the present
study, low temperature has been found to be involved in caus-
ing higher PPO and POD activities in leaf however the effects
were more pronounced after 48 h of the exposures. The mech-
anism of formation of these enzymes in response to the tem-
perature stress is not known in this species of plant,
however, several lines of evidences might be involved to clarify
and recognize the formation of these molecules in such adverse
situation. It has been shown that low temperature causes the
higher oxidative stress inducing the synthesis of active oxygen
species (AOS) (Lee and Lee, 2000) and increases tolerance to
AOS in cereals and with an increase in anti oxidative enzymes
(Anderson et al., 1995; Seebba et al., 1999). Anti oxidative
enzymes can neutralize AOS (Oidaira et al., 2000) and thereby
prevents the cellular membranes and organelles from the dam-
aging effects of AOS (Foyer et al., 1991). It is reasonable that
ﬂuctuation of temperature can cause stress to the normal phys-
iological functions of plants, and hence alteration of metabolic
activities in leaf of the plant might be observed. Previous stud-
ies revealed that low temperature had been associated with
pronounced modiﬁcations in the ultrastructure of leaf cells,
disorganization of cellular compartments (Stefanowska et al.,
2002) and therefore, may induce the synthesis of new enzymes
and proteins. B. alba is a common green vegetable grown in
Bangladesh and other countries during both winter and sum-
mer seasons. Therefore, the plants have the higher sensitivity
to these temperatures; however, the plants survive in very cold
environment although the mechanism is not clariﬁed. Since
low temperature causes the signiﬁcant alteration in metabolic
functions of plant and has been revealed to cause reactive oxy-
gen species (ROS), they therefore might be involved in causing
the synthesis of diverse metabolites essential for various pur-
poses. The reactive oxygen species (ROS) have been shown
to cause the injury in plants during the critical circumstance
and therefore, to survive in this environment, plants generate
different mechanisms and synthesize the compounds.
To ﬁnd the optimum effect of catechol, dose response char-
acteristics of substrate for the enzyme PPO have been adopted
in this study. Among the different concentration of catechol,
10 mM concentration has been found to cause the higher
response although the three different concentrations of cate-
chol (10 mM, 100 mM and 200 mM) produced the gradual
increase in PPO activity for both the control and low temper-
ature induced plants showing the validity of the substrate
effect. Accordingly, the higher dose of catechol enhanced the
PPO activity maximally in leaf extract therefore, higher col-
ored quinones were synthesized which might be an effective
approach for producing the essential pigments. Polyphenol
oxidase catalyzes the oxidation of phenol to quinone which
372 Md. Shahidul Haque et al.can covalently modify and crosslink various cellular nucleo-
philes, undergo melanin-forming auto oxidation reactions, or
participate in other reactions. The enzymes are found in higher
plants and responsible for the enzymatic browning of raw
fruits and vegetables. Such reactions are generally considered
to be undesirable in food preservation and processing because
of the unpleasant appearance and the concomitant develop-
ment of a substandard ﬂavor. Several lines of evidences
revealed that PPO had been considered to be an important
reagent for clinical diagnosis and micro-analytical immunoas-
says because of its high sensitivity (Siers, 1991) while many
fruits and vegetables contain POD in amounts that contribute
to browning-like reactions (Vamos-Vigyazo, 1981). Although
PPO is involved primarily in the degradation of phenolics, they
can also be degraded by POD (Thypyapong et al., 1995) and
the activities of both enzymes have been found to increase in
response to biotic and abiotic stresses (Kwak et al., 1996).
Both PPO and POD have been considered in defensive mech-
anisms for plants against stress (Vamos-Vigyazo, 1981). Oxi-
dative stress can arise from an imbalance between the
generation and elimination of reactive oxygen species (ROS),
leading to excess ROS levels that causes indiscriminate damage
to virtually all biomolecules, leading, in turn, to various dis-
eases and cell death (Scandalios, 2005). Reactive species can
be eliminated by a number of enzymatic and non-enzymatic
antioxidant defense mechanisms (Boullier et al., 2001) there-
fore, the higher activity of PPO and POD in response to low
temperature in species of Pui vegetable might be linked to
the defense mechanisms and the results are consistent with
their ﬁndings.
Abiotic stress leads to a series of molecular, biochemical,
physiological and morphological changes that adversely affect
plant growth and productivity. Low temperature is a major
factor limiting the productivity and geographical distribution
of many species, including important agricultural crops.
Higher plants manifest a unique capability of the synthesis
of a large amount of diverse molecules so-called secondary
metabolites, such as phenolic compounds and the synthesis
and release of phenolics are induced by various biotic and abi-
otic factors (Makoi and Ndakidemi, 2007). It has been demon-
strated in the previous study that these enzyme activities
increased in response to different types of stress, both biotic
and abiotic (Yadegari et al., 2007). More speciﬁcally, both
enzymes have been related to the appearance of physiological
injuries caused by thermal stress. During the experiment, it was
observed that both low temperature induced and their respec-
tive controls caused the color pigmentation quickly, however
low temperature induced leaves had higher pigmentation than
the control, therefore, it is reasonable that cold acclimation
causes the higher oxidation of phenolic compounds and might
be an effective approach for producing the colored pigment
essential for the several purposes. Of course, the phenomenon
is a substantial mechanical and physiological way by which the
plants survive in the adverse environment. The oxidation of
phenolic compounds might be related to the temperature var-
iation in the environment. It has been observed that the opti-
mum PPO activity was found in the range of 25–30 C and
then declined at temperature above 40 C (Dog˘an and
Dog˘an, 2004).
Metabolic adjustments in response to unfavorable condi-
tions are dynamic and not only depend on the type and
strength of the stress, but also on the cultivar and the plantspecies. Some metabolic changes are common to salt, drought,
and temperature stress, whereas others are speciﬁc. Enzymatic
browning is a signiﬁcant problem in a number of fruits and
vegetables such as strawberry (Chisari et al., 2007), grape
(Mun˜oz et al., 2004), potato (Lee and Park, 2007) and lettuce
(Gawlik-Dziki et al., 2008). The discoloration in fruits and
vegetables by enzymatic browning, resulting from conversion
of phenolic compounds to o-quinones which subsequently
polymerize to be a brown or dark pigment and the enzymes
involved in these processes are PPO and POD (Jiang et al.,
2004). Because PPO and POD are the main enzymes involved
in phenolic oxidation of many fruits and vegetables, their
activities have attracted much attention. The relationship
between the degree of browning and PPO activity was studied
in processing apple varieties to provide reference for raw mate-
rial selection (Ye et al., 2007). Recent studies reveal that cold
acclimation adversely affects physiological and morphological
structures of plants (Stefanowska et al., 1999) and the nutri-
tional deﬁciency has been observed in response to cold. There-
fore, it is reasonable that adverse oxidative effects caused by
cold acclimation might be correlated to the alteration of phys-
iology of leaf of B. alba and also to the nutritional deﬁciencies
particularly the uptake of essential nutrients from the soil and
also from the environment. Further studies are needed to clar-
ify the mechanisms linked to the above approaches. Measure-
ment of PPO and POD in leaf of B. alba might be an essential
approach and will give a new insight to clarify the mechanism
of diverse metabolic functions of plant as well as help in anal-
ysis of physiology of B. alba. Moreover, regulation of these
enzymes is not only mediated by cold environment but also
might be by other chemical mediators in the environment.
5. Conclusion
It is obvious from the current investigation that low tempera-
ture induces a severe metabolic alterations regarding the
enhancement of anti oxidative enzyme activity in leaf there-
fore, assumes to be involved in the alteration of physiology
of plants B. alba. The adverse environment caused by low tem-
perature produced severe effect on the plants and thereby
plants face the stress to physiological and molecular level
and therefore, different regulatory metabolic alterations were
observed in the circumstances. Chilling induced oxidative
stress and injury is frequently observed in the critical environ-
ment and to overcome these effects, some enzymes are over
expressed where PPO and POD might be involved. Species
adapted by natural selection to cold environments have
evolved a number of physiological and morphological means
to improve survival in the face of extended cold periods. Dur-
ing low temperature acclimation, plants possess nutritional or
energy deﬁciency as they survive in such critical circumstances
however, the complications might be due to the higher oxida-
tive effects and the enzymes may play the critical role in this
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